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NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 



[Claim] 
[Claim 1] 

A nonaqueous electrolyte secondary battery whereby it is a 
nonaqueous electrolyte secondary battery comprised of at least a 
positive electrode, a negative electrode., and a nonaqueous 
electrolyte containing an ester; with the active substance of the 
aforementioned positive electrode, the surface of a lithium 
nickelate Li x Ni0 2 (0 < x * 1) is covered with at least one of 
lithium cobaltate Li x Co0 2 (0 -< x * 1) and lithium manganate Li^to0 2 
(0 < x * 1) . 

[Detailed Explanation of the Invention] 

CD 

[oooi] rn 

[Field of Use in Industry] 

The present invention concerns a nonaqueous electrolyte ^ 

secondary battery; in particular, it concerns an improvement in ^ 

CD 

the positive electrode active substance. r~ 

m 

[0002] O 

O 

In recent years, electrical equipment has been rapidly 
becoming portable and cordless; the batteries for driving are 
small and lightweight and have high- energy density, and demand 
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has been high for long-life secondary batteries with superior 
charge and discharge properties. Because of these points, 
expectations have been great for nonaqueous electrolyte secondary 
batteries, particularly lithium nonaqueous electrolyte secondary 
batteries, as batteries having high voltage and high energy 
density. 
[0003] 

With the objective of developing positive electrode active 
substances for lithium secondary batteries, in order to fulfill 
the aforementioned demands, the research and development of 
materials has been flourishing in recent years. For example, 
with nickel compound associations, LiyNi^yOj (disclosed in 
Japanese Kokai Patent Publication No. H2- 40861 [published in 
1990]) and LijJttiOj (described in United States Patent No. 
4,302,518) have been proposed; with other transmission metallic 
compound associations, many more development examples have been 
reported, and some have been put into practical use. 
[0004] 

Among these compounds, with Li^iOj (0 ■< pc * 1) (hereinafter 
noted as LiNi0 2 ) , the charging and discharging capacitance per 
unit weight is large, and there is the possibility for a large - 
capacitance nonaqueous electrolyte secondary battery positive 
electrode substance. 

[0005] . ( , , 

Additionally, regarding electrolytes, , tj^ose containing 
esters can be applied to all types of litlTLiuija batteries. 



[0006] 

However, LiNi0 2 is used as the positive electrode substance, 
and with batteries using a nonaqueous electrolyte containing 
esters, it has been learned that capacitance reductions 
accompanying repeated charges and discharges, and deterioration 
during storage of the battery, are greater compared to those of 
batteries with other compounds as the positive electrode active 
substance, for example lithium cobaltate Li x Co0 2 (0 < x * 1) 
(hereinafter noted as LiCo0 2 ) and lithium matiganate LijMnOj (0 < x 
* 1) (hereinafter noted as LiMn0 2 ) . 
[0007] 

Regarding the reaction between the esters and the positive 
electrode active substance, this has been reported in some of the 
systems; for example, according to Thomas et al. (Journal of the 
Electrochemical Society, 132 [1985] , 1521)., with a system of 
propylene carbonate and LiCo0 2 , a polymer film with propylene 
carbonate as the origin is formed on the, surf ace of the LiCo0 2 , 
and the movement of lithium ions in conjunction with the charging 
and discharging reaction is obstructed. £ji particular, when the 
cobalt has a valence of 4 and is released in. a charged state with 
increased oxidizing power, the reaction of the positive electrode 
active substance and the electrolyte becomes notable. As a 
result of studying LiNi0 2 , LiCo0 2 , and LiMn0 2 using the same 
analysis methods as the aforementioned report by Thomas et al . , 
LiNi0 2 had greater reactivity than LiCo0 2 ari$ |»iMn0 2 with various 
esters. Thus, this is considered the cause of the fact that the 
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capacitance deterioration accompanying repeated charging and 
discharging, and the deterioration during storage of the battery, 
is great. 
[0008] 

[Means for Resolving Problems] 

With the present invention, the aforementioned problems were 
taken into consideration, and the objective thereof is not to 
lose the property of high capacitance of LiNi0 2 while suppressing 
the reaction with the nonaqueous electrolyte, and to eliminate 
capacitance reductions accompanying repeated charges and 
discharges, and deterioration during storage of the battery, 

[0009] 

The present inventors, as a result of repeated diligent 
research, have discovered the knowledge <that if the surface of 
the LiNi0 2 is covered with at least one of LiCo0 2 and LiMn0 2 , the 
aforementioned objective can be achieved. 
[0010] 

The present invention, which concerns a nonaqueous 
electrolyte secondary battery, is formed bas.ecl on the 
aforementioned knowledge; it is characterized in that it is a 
nonaqueous electrolyte secondary battery comprised of at least a 
positive electrode, a negative electrode, and a nonaqueous 
electrolyte containing an ester; with the active substance of the 
aforementioned positive electrode, the s^tf^ce of a lithium 
nickelate LijNiC^ (0 < x * 1) is covered with g,t least one of 
lithium cobaltate Li x Co0 2 (0 < x * 1) and lithium manganate Li x Mn0 2 
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(0 < x * 1) . 
[0011] 

t 

For a representative example of the af oirfementioned esters 
included in the nonaqueous electrolyte, 'diethyl carbonate, 
ethylene carbonate, propylene carbonate, methyl propionate, y- 
butyrolactone, and the like have been cited. However, because 
there is a problem in that the reaction with the LiNi0 2 is in 
common with the esters, it is not necessarily limited to these 
esters. 
[0012] 
[Operation] 

With the suppression operation of the reaction of the LiNi0 2 
with the nonaqueous electrolyte, the surface of the LiNi0 2 is 
covered with LiCo0 2 or LiMn0 2 , which have Relatively little 
reactivity toward esters; it is consider^ . that the reactions of 
oxidation, dissolution, polymerization, $n<i v tfcie like, which are 
surface reactions occurring between the enters and active 
substance, are suppressed. In addition, the movement of lithium 
ions in conjunction with the charging an$ discharging reactions 
smoothly disseminates the LiCo0 2 or LiMnO ? of the surface layer 
and reaches the inner LiNi0 2 ; in terms of the charging and 
discharging capacitance, the LiNi0 2 acts in a guiding manner, and 
it is considered that high capacitance, which is a characteristic 
thereof, can be obtained. The reaction with esters is also 
smaller than that of the LiCo0 2 or LiMn0 2 ., but when the surface of 
the LiNi0 2 was covered with a metal (platinuia,.. gold, and the 



like) whereby lithium ions are not diffused, or with carbon, the 
charging and discharging capacitance was markedly decreased. 
Because of this, the covering substance is not limited to LiNi0 2 , 
and as long as it is a substance with relatively smaller 
reactivity than LiNi0 2 , it is expected that the same results with 
LiCo0 2 or LiMn0 2 would be obtained, but further study is required 
to search for such a substance. 
[0013] 

[Embodiments] 

Below, together with the drawings, tthe present invention is 
explained along with embodiments. 
[0014] 

First, a manufacturing method in common with the embodiments 
concerning the positive electrode active substance is shown. A 
LiNi0 2 powder, obtained by a known method whereby a nickel 
hydroxide powder and lithium hydroxide ppwder are mixed and 
heated within an oxygen atmosphere of 700?C, is dispersed while 
being stirred in a water solution of a transmission metal of a 
covering compound, for example, a water solution of cobalt^ 
nitrate and/or manganese nitrate; by adding alcohol salts/ for 
example, a water solution of lithium hydroxide, to the 
suspension, it is possible to precipitate the compound containing 
the transmission metal of the covering compound on the surface of 
the aforementioned LiNi0 2 powder, which is the core. The 
stirring is stopped, the precipitate obtained is washed and 
dried, and an intermediate -stage powder is obtained. 
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[0015] 

There are other methods for obtaining an item similar to 
this intermediate -stage powder. For example, there is a method 
whereby cobalt salts and/or manganese salts are set as a target 
on LiNi0 2 as a base material, and sputtering is carried out; 
also, there is a method whereby cobalt salts and/or manganese 
salt powder are mechanochemically covered; however, from the 
standpoints of difficulty of manufacturing and instability of 
covering, the method based on precipitation form a solution 
described above is preferable. 
[0016] 

In correspondence with the amount of compound precipitated 
in the powder of the intermediate stage, a lithium hydroxide 
powder suitable for the obtaining of LiCo0 2 and/or LiMn0 2 is 
heated together in air. At this time, 2-3 hours is 
satisfactory; if this is carried out for a long time, the cobalt 
and/or manganese of the surface layer and the inner nickel 
mutually disperse, and a solid solution becomes formed. 
[0017] 

The covering state of the active substance obtained was 
observed by means of x-ray microanalysis (XMA) . The active 
substance was mixed with an epoxy resin and hardened, and when a 
random surface thereof is ground, a cross section of the active 
substance can be exposed. In Figure 1, a pattern diagram of a 
representative result obtained by an XMA surface analysis is 
shown. This shows a state whereby LiCo0 2 and/pr LiMn0 2 are formed 
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on the surface of the LiNi0 2 , which is th£ core. Within the 
diagram, A represents the part where nickel exists, and B 

i 

represents the part where cobalt and/or /^lahgariese exist. 
[0018] 

An outline of the manufacturing method and structure of a 
cylindrical battery for experimental use in embodiments is 
illustrated below. 
[0019] 

The positive electrode mixture paste was mixed with the 
positive electrode active substance, acetylene black, and 
polyvinyl idene fluoride at a weight ratio of 100:4:5; a solvent 
was added until it had a suitable viscosity to apply N-methyl-2- 
pyrrolidone. A positive electrode plate was manufactured by 
applying this positive electrode mixture paste to both sides of 
an aluminum foil and rolling. The negative electrode plate was 
manufactured by baking coke and mixing the carbon material and 
fluorine resin- type binding material each to a weight ratio of 
100:10, kneading this together with a carboxymethyl cellulose 
water solution and making it into a paste, applying it to both 
sides of a silver foil, and drying and rolling. A variety of 
electrolyte combinations were studied and because the results in 
each case were almost identical, in order to avoid complexity in 
specific embodiments, for convenience, the case of an electrolyte 
manufactured by dissolving lithium perchlorate as a supporting 
electrolyte at a ratio of 1 mol/1 (sic) in an isometric mixed 
solvent of propylene carbonate and ethylene carbonate is 
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discussed. 
[0020] 

Leads were attached to both belt -shaped positive and 
negative electrodes; a separator made of polypropylene was 
interposed, and the entirety was wound ii> a whirlpool shape. 
After this was stored in a stainless steel battery case, a 
predetermined amount of electrolyte was injected, the other 
constituent parts were mounted, and the battery was constructed. 
[0021] 

Figure 2 shows a vertical cross -section of a cylindrical 
battery formed in this manner* Within the diagram, (1) 
illustrates the battery case which stores the electrode plate 
group (2) ; a positive electrode lead (4) is connected to a 
sealing plate (3) which hermetically seals the battery case (1), 
and a negative electrode lead (5) connected to the bottom of the 
battery case (1) . (6) represents a packing, ^nd in addition to 
maintaining airtightness , it has the function of insulating the 
sealing plate (3) which is a positive electrode terminal, and the 
battery case (1), which is a negative electrode terminal. With 
the insulating ring (7) , the positive and negative electrode 
plates of the electrode plate group (2) contact the battery case 

(1) and sealing plate (3) inside the battery, and short- 
circuiting is prevented. 

[0022] 

(Embodiment 1) 

With the aforementioned manufacturing method for a positive 
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electrode active substance, cobalt nitrate was used in water- 
soluble salts containing selective metals of covering compounds; 
a positive electrode active substance covered with LiCo0 2 on a 
LiNiOj surface was synthesized. The manufacturing method and 
structure of the cylindrical battery for experimental use are 
identical to those of the aforementioned method. This battery is 
battery A of the present invention. 
[0023] 

(Embodiment 2) 

With the aforementioned manufacturing method for a positive 
electrode active substance, manganese nitrate was used in water- 
soluble salts containing selective metals of covering compounds; 
a positive electrode active substance covered with LiMn0 2 on a 
LiNi0 2 surface was synthesized. The manufacturing method and 
structure of the cylindrical battery for experimental use are 
identical to those of the aforementioned method. This battery is 
battery B of the present invention. 
[0024] 

(Embodiment 3) 

With the aforementioned manufacturing method for a positive 
electrode active substance, cobalt nitrate and manganese nitrate 
were used in water-soluble salts containing selective metals of 
covering compounds; a positive electrode active substance covered 
with LiCo0 2 and LiMn0 2 on a LiNi0 2 surface was synthesized. The 
manufacturing method and structure of the cylindrical battery for 
experimental use are identical to those of the aforementioned 
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method. This battery is battery C of the present invention. 
[0025] 

(Comparative Example 1) 

Besides the fact that LiNi0 2 with nothing covering the 
surface was used as the positive electrode active substance, this 
is identical to the aforementioned embodiments. This battery is 
comparative battery D. 

[0026] 

(Experiment 1) 

Using the batteries A - D, charging and discharging were 
repeated 200 times, and the extent of the reduction of the 
discharging capacitance was compared. Tlje experimental 
conditions at this time involved charging and discharging each 
battery, placed in an atmosphere of 20°C # at a fixed current of 
140 mA in a voltage range of 3.0 - 4.1 V. 
[0027] 

The results are shown in Figure 3. Based on Figure 3, with 
the batteries A, B, and C of the present invention, it was 
learned that at the initial stage of the repeated charging and 
discharging, the discharging capacitance was slightly smaller 
than that of the comparative battery D and the extent or 
reduction was slight, and after repeating 30 - 70 times, the 
discharging capacitance became larger than that of the 
comparative battery D. 
[0028] 

(Experiment 2) 
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After the batteries A - D placed in an atmosphere of 20 °C 
were charged to 4,1 V with a fixed current of 140 mA f they were 
left for three weeks in an atmosphere of 60 °C. The batteries, 
after being left alone, were returned to an atmosphere of 20°C, 
and again, after being charged to 4,1 V with a fixed current of 
140 mA, the discharging capacitance was measured. Based on this, 
the deterioration caused by being left alone was evaluated. 
[0029] 

The results are shown in Table 1. 
[0030] 
[Table 1] 





Discharging capacitance (mAh) 


Battery A of the present invention 


497 


Battery B of the present invention 


511 


Battery C of the present invention 


502 


Comparative battery D 


419 



[0031] 



Based on Table 1, it is learned that. the discharging 
capacitance of the batteries of the present invention A, B, and C 
is larger than that of the comparative battery D, and 
deterioration caused by leaving them alone is small. 
[0032] 

[Results of the Invention] 

As is made clear by the above explanation, with at least a 
positive electrode, a negative electrode, and a nonaqueous 
electrolyte containing an ester, with the active substance of the 
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aforementioned positive electrode, the surface of a lithium 
nickelate 'Li^iOj (0 -< x * 1) is covered with at least one of 
lithium cobaltate Li x Co0 2 (0 < x 4 1) and lithium manganate Li^to0 2 
(0 -< x ^ 1) , based on which a nonaqueous electrolyte secondary 
battery whereby high capacitance, a feature of LiNi0 2 , is not 
lost, reaction with the nonaqueous electrolyte is suppressed, and 
there is no capacitance reduction accompanying repeated charging 
and discharging, and no deterioration when storing the battery. 
[Simple Explanation of the Drawings] 
[Figure 1] 

A pattern diagram showing the covering state of the active 
substance in an embodiment of the present invention. 
[Figure 2] 

An outline diagram of a vertical cross section of a 
cylindrical battery in an embodiment of the present invention. 
[Figure 3] 

A feature diagram showing the differences in capacitance 
reduction based on repeated charging and discharging. 
[Explanation of Symbols] 

1. battery case 

2 . electrode plate group 

3. sealing plate 

4. positive electrode lead 

5. negative electrode lead 

6 . packing 
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7. insulation ring 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
I^FADED TEXT OR DRAWING 
(^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



